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,QWHUQDWLRQDO&RQIHUHQFHRQ)XWXUH&RPSXWHU6XSSRUWHG(GXFDWLRQ
([SORUDWLRQDQG5HVHDUFKRI6RLO0HFKDQLFV([SHULPHQW%DVH
RQ1HWZRUN(QYLURQPHQW
*DQJMXQ=KDL1D4LDR:HLPLQ0D
'DOLDQ8QLYHUVLW\RI7HFKQRORJ\'DOLDQ&KLQD

$EVWUDFW
$FFRUGLQJWRWKHGHYHORSPHQWRIQHWZRUNDQGPXOWLPHGLDWHFKQRORJ\WKLVSDSHUGLVFXVVHVWKHYLUWXDOWHDFKLQJPRGHORI
H[SHULPHQW WHDFKLQJRQOLQHDQG LQWURGXFHV WKHDSSOLFDWLRQRI VRLOPHFKDQLFVH[SHULPHQW WHDFKLQJ7KLVSDSHU WDNHV WKH
YLUWXDOWHDFKLQJRIVRLOPHFKDQLFVDVH[DPSOHDQGIRFXVHVRQLQWURGXFLQJH[SHULPHQWSULQFLSOHPDLQFRQWHQWDQGSURFHVV
DQG FKDUDFWHULVWLFV RI WKLV H[SHULPHQW DQG WKLV SDSHU EXLOGV WKH V\VWHP RI VRLO PHFKDQLFV H[SHULPHQWDO PRGHO ZLWK
)/$6+DQLPDWLRQYLGHRFOLSVDQGPXOWLPHGLDWHFKQRORJ\:KDW¶VPRUHWKLVSDSHUGLVFXVVHVWKHWKRXJKWDQGPHWKRGWR
IXUWKHULPSURYHWKLVYLUWXDOH[SHULPHQWDOV\VWHP

3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI,QIRUPDWLRQ(QJLQHHULQJ5HVHDUFK,QVWLWXWH

.H\ZRUGV0RGHUQGLVWDQFHHGXFDWLRQ6RLOPHFKDQLFV9LUWXDOGHPRQVWUDWLYHH[SHULPHQW3UDFWLFDOOLQN
,QWURGXFWLRQ
7KH H[SHULPHQWDO FRXUVH OHDUQLQJ LV DQ HIIHFWLYH ZD\ WR FXOWLYDWH VWXGHQWV
 FRPSHWHQFH RI REVHUYDWLRQ
SUDFWLFH DQG DELOLW\ RI DQDO\]LQJ DQG VROYLQJ SUREOHPV DQG LW LV WKH NQRZOHGJH V\VWHP WKDW VFLHQFH DQG
HQJLQHHULQJ VWXGHQWV PXVW PDVWHU :KHQ VWXGHQWV PHHW WKLV VLWXDWLRQ WKDW WKH\ FDQQRW ILQLVK UHTXLUHG
H[SHULPHQW FRXUVHV WKH GLVWDQFH HGXFDWLRQ HPHUJH ZKDW¶V PRUH YLUWXDO H[SHULPHQW PHHWV WKH GHYHORSLQJ
WUHQG RI PRGHUQ GLVWDQFH HGXFDWLRQ LI WKH QHWZRUN FRQGLWLRQV SHUPLW VWXGHQWV FDQ PDNH VHOI OHDUQLQJ DW
DQ\WLPH DQG DQ\ZKHUH WKH\ FDQ DOVR FRPPXQLFDWHZLGHO\7KHUHIRUH LWEHFRPHV D WUHQG WR UDSLG GHYHORS
YLUWXDOH[SHULPHQWDOWHDFKLQJ
9LUWXDO H[SHULPHQW PHDQV UHDOL]LQJ YLUWXDO H[SHULPHQWDO HQYLURQPHQW E\ YLUWXDO UHDOLW\ WHFKQLTXH LQ
FRPSXWHU V\VWHP H[SHULPHQWHUV FDQ ILQLVK DOO NLQGV RI VFKHGXOHG H[SHULPHQWDO SURMHFWV MXVW OLNH LQ D UHDO
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HQYLURQPHQWDQGWKHHIIHFWRIOHDUQLQJRUWUDLQLQJFRXOGEHDVJRRGDVLQWKHUHDOHQYLURQPHQWHYHQEHWWHUWKDQ
WKDW>@9LUWXDOH[SHULPHQWKDVWKHIROORZLQJNLQGVRI IRUPV5HPRWHFRQWUROH[SHULPHQWǃ9LUWXDOVLPXODWLRQ
H[SHULPHQWDQG9LUWXDOGHPRQVWUDWLYHH[SHULPHQW>@
7KLVSDSHURIIHUVD6RLO0HFKDQLFVYLUWXDOH[SHULPHQWDVDQH[DPSOH6RLOPHFKDQLFVH[SHULPHQWLVDNLQG
H[SHULPHQWRIHOHPHQWDU\PHFKDQLFV6RPHWLPHVVWXGHQWVFDQQRWVHHRUWRXFKWKHHVVHQFHRIWKHH[SHULPHQW
ZKHQ LW LVXQGHUPHFKDQLFDO VWDWH7KHQ WKH\ FDQRQO\GHSHQGRQ WKH UHVXOW WKDW HTXLSPHQWVJLYH WRJHW WKH
HVVHQFHVRERWKWKHFRQWHQWDQGWKHUHVXOWDUHDEVWUDFWDQGKDUGWREHXQGHUVWRRG%XWYLUWXDOH[SHULPHQWMXVW
PDNHVXSIRUWKLVGHILFLHQF\RIWUDGLWLRQDOWHDFKLQJPHWKRGV7DNLQJWKHDGYDQWDJHRIFRPSXWHUPXOWLPHGLDWR
SURFHVV HGXFDWLRQ ZKLFK FRPELQHV ZLWK YLGHRV JUDSKLFV QXPHULFDO FDOFXODWLRQV DQG VR RQ FDQ LQFUHDVH
YLVXDOHIIHFWDQGYLYLGO\H[SUHVVGLIILFXOWDQGREVFXUHSDUWLQWKHFRXUVH1RZWKLVSDSHUZLOOSD\DWWHQWLRQWR
WKHSULQFLSOHDQGFKDUDFWHULVWLFVRIVRLOYLUWXDOH[SHULPHQWWRVKRZWKHJUHDWDGYDQWDJHRIYLUWXDOH[SHULPHQWLQ
GLVWDQFHHGXFDWLRQ
([SHULPHQW3ULQFLSOH
7KHVRLO LVFRPSRVHGRIVROLGSDUWLFOHDQGSRUHEHWZHHQSDUWLFOHVDQGWKHSRUHLVXVXDOO\ ILOOHGZLWKSRUH
ZDWHUDQGSRUHJDVYRLGDJHRI VROLGFDQEHPHDVXUHGE\ WKH UDWLRRI WKHYROXPHRFFXSLHGE\ WKHSRUHDQG
VROLGSDUWLFOHV
:KHQVRLOLVXQGHUSUHVVXUHLWLVJHQHUDOO\DFNQRZOHGJHGWKDWVROLGSDUWLFOHVDQGZDWHUDUHLQFRPSUHVVLEOH
EXWLWDOORZVWKHGUDLQDJHRIZDWHUDQGJDVVRWKHFRPSUHVVLYHVWUDLQRIVRLO LVFDXVHGE\WKHGUDLQRIZDWHU
DQGJDVDQGFRPSUHVVLRQRIJDVZKLFKLVWRVD\LWLVFDXVHGE\WKHFKDQJHRISRURXV7KHUHIRUHVRLOSRURVLW\
FDQEHFDOFXODWHGE\ FRPSUHVVLRQGHIRUPDWLRQXQGHUDFHUWDLQSUHVVXUH 7KHVSHFLILFPHWKRGVDUH7KURXJK
WKHVHH[SHULPHQWVVRLOSRURVLW\DIWHUVWDELOLW\DQGFRQVROLGDWLRQXQGHUGLIIHUHQWNLQGVRISUHVVXUHFDQEHJRW
WKHQ FRPSUHVVLRQ FXUYHV FDQEHGUDZQ DIWHU WKDW FDOFXODWLQJ VRLO FRPSUHVVLRQ FRHIILFLHQW DQG MXGJLQJ WKH
FRPSUHVVLRQFDWHJRU\RIVRLODQGPDNLQJSUHSDUDWLRQIRUWKHFDOFXODWLRQRIWKHVHWWOHPHQWGHIRUPDWLRQRIVRLO
0DLQ&RQWHQWRI([SHULPHQW
0DLQH[SHULPHQWDOLQVWUXPHQWDWLRQV
([SHULPHQWDOLQVWUXPHQWVPDQO\FRQWDLQFRQVROLGDWLQJYHVVHOVVXFKDVFXWWLQJULQJUHWDLQLQJULQJJXLGH
ULQJSHUPHDEOHVWRQHSUHVVXUL]HGWRSKHDGDQGLQVWUXPHQWVWDQGSUHVVXUL]DWLRQHTXLSPHQWDQGGHIRUPDWLRQ
PHDVXUHPHQWHTXLSPHQWFHQWLPHWHUDVVKRZQLQSLFWXUH

)LJ([SHULPHQWDOLQVWUXPHQWDWLRQVRIVRLOPHFKDQLFVH[SHULPHQW
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([SHULPHQWDOSURFHVV
,QVWDOODWLRQRILQVWUXPHQWVDQGHTXLSPHQWV3ODFHWKHFRQVROLGDWLQJYHVVHOLQWKHPLGGOHRISUHVVXUL]HG
IUDPHSUHVVXUL]HGWRSKHDGVKRXOGEHGLUHFWHGDWWKHFHQWUHRISUHVVXUL]HGIUDPHDQGLQVWDOOFHQWLPHWHU
3UHSUHVVLQJ'RSUHVVXUHWHVWZLWKN3DSUHSUHVVXUHDQGJHWWKHLQLWLDOUHDGLQJWKURXJKFHQWLPHWHU
5HDGLQJ$SSOLFDWLRQ RI ORDG DFFRUGLQJ WR IRXU OHYHOV N3D N3D N3D DQG N3D DQG JHW
FRUUHVSRQGLQJUHDGLQJV
2IIWHVWDQGXQULJVDPSOH
5HVXOWRIH[SHULPHQW
'DWDUHFRUGLQJDQGSURFHVV
5HFRUG QXPHULFDO UHDGLQJV IURP FHQWLPHWHU DQG FDOFXODWH LQLWLDO YRLG UDWLR WRWDO GHIRUPDWLRQ XQGHU DOO
OHYHOVRISUHVVXUHGHIOHFWLRQRIVRLOVDPSOHDIWHUFRUUHFWLRQDQGYRLGUDWLRXQGHUDOOOHYHOVRISUHVVXUH
'UDZWKHFRPSUHVVLRQFXUYHDQGFDOFXODWHWKHFRPSUHVVLELOLW\FRHIILFLHQWDQGPRGXOXVRIFRPSUHVVLRQ
(VWLPDWHWKHFRPSUHVVLRQW\SHRIVRLO

)LJ6NHWFKRIVRLOFRPSUHVVLRQFXUYH
7KHFKDUDFWHULVWLFV
9LUWXDOH[SHULPHQWRIVRLOPHFKDQLFVZKLFKLVDFRPELQDWLRQRIFLYLOHQJLQHHULQJVSHFLDOL]HGFRUHFRXUVH
DQGPXOWLPHGLDLQWHUQHWQRWRQO\KDVWKHFRPPRQIHDWXUHVRIZHEEDVHGFRXUVHVEXWDOVRKDVWKHLQGLYLGXDO
FKDUDFWHULVWLFVRIVSHFLDOL]HGFRXUVHV
$GDSWDEOH/HDUQLQJREMHFWRIWKLVH[SHULPHQWLVQRWRQO\VFKRROVWXGHQWVZKRQHYHUFRQWDFWLWEXWDOVR
WKHHPSOR\HHV WKDWKDYHZRUNLQJPDQ\\HDUV7DNH LWVXVHUV LQWRFRQVLGHUDWLRQ WKLVZHEEDVHGFRXUVHXVHV
GLIIHUHQWWHFKQRORJLHVWRPHHWGLIIHUHQWQHHGV)RUH[DPSOHEHJLQQHUVFDQKDYHDVWHSE\VWHSVWXG\WKURXJK
H[SHULPHQWVWDUJHWHGXVHUVFDQILQGDQGORFDWHWKHVSHFLILHGFRQWHQWTXLFNO\WKURXJKWKHTXHU\IXQFWLRQWKXV
VDWLVI\WKHLUGHPDQGVHDVLO\DFFXUDWHO\DQGHIILFLHQWO\
)RUP ULFK DQG YDULRXV:LWK WKH DGYDQWDJHV RIPXOWLPHGLD DQG QHWZRUN WKLV FRXUVHZDUH RYHUFRPHV
LQKHUHQWLOOVRIWUDGLWLRQDOPDWHULDOV7KHFRXUVHZDUHDGRSWV)/$6+DQLPDWLRQWRIDFLOLWDWHWHDFKLQJFRQWHQW
LQFOXGLQJ VRLO FRPSUHVVLRQ FXUYHV H[SHULPHQWDO DSSDUDWXV DQG HTXLSPHQWV DV VKRZQ LQ SLFWXUH  :KHQ
UHSUHVHQWLQJ H[SHULPHQWDO LQVWUXPHQWV DQG HTXLSPHQWV DQLPDWLRQ FRXOG VWDWH WKHP FOHDUO\ DQG YLYLGO\
/HDUQHUVFDQJHWDQLQWXLWLYHXQGHUVWDQGLQJDQGFOHDUPHPRU\,QDGGLWLRQILOPFOLSVPDWHULDOVDUHDGGHGLQ
WKLVFRXUVHZDUHZKHQSUHVHQWLQJKRZWRXVHSHUFHQWPHWHUYLGHRFOLSVRIUHDGLQJPHWKRGJXLGHGE\WHDFKHU
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DUHMRLQHG7KHOHDUQHUVFDQGHHSHQWKHLU LPSUHVVLRQE\DFWXDOH[DPSOHVDQGPDVWHUWKHZD\ WRXVHSHUFHQW
PHWHUDVVKRZQLQSLFWXUH

)LJ9LVXDOL]DWLRQVRIH[SHULPHQWDOLQVWUXPHQWDWLRQV
 
)LJ([DPSOHRISHUFHQWPHWHU
:LGH HQJLQHHULQJ DSSOLFDWLRQ(DUWKKDV FRPSUHVVLELOLW\ HIIHFWLYH VWUHVV FKDQJH LV DFFRPSDQLHGZLWK
VRLOGHIRUPDWLRQZKLFKOHDGVWRIRXQGDWLRQVHWWOHPHQW,IWKHVHWWOHPHQWRUXQHYHQVHWWOHPHQWJRHVEH\RQGLWV
DOORZDEOHYDOXHEXLOGLQJVZRXOGWXUQXSWLOWFUDFNDQGRWKHUHQJLQHHULQJSKHQRPHQDZKLFKFDQDIIHFWWKHLU
QRUPDO XVHV 7KHUHIRUH PDVWHULQJ WKH FRPSUHVVLRQ SURSHUWLHV RI VRLO LV HVVHQWLDO IRU EXLOGLQJ IRXQGDWLRQ
GHVLJQ
2Q SUDFWLFH ,Q WKLV H[SHULPHQW WKH OHDUQHUV FDQ PDNH D YLHZ RI WKH H[SHULPHQWDO SURFHVV GLUHFWO\
DFFHVV WRSHUFHSWXDONQRZOHGJH WRHQKDQFLQJXQGHUVWDQGLQJ7KHQ LW LVDJRRGZD\ WR LQWHJUDWH WKHRU\ZLWK
SUDFWLFH
7KHLGHDVDQGPHWKRGVIRUIXUWKHULPSURYLQJVRLOPHFKDQLFVYLUWXDOH[SHULPHQW
([WHQGWKHLQWHUDFWLYLW\EHWZHHQVWXGHQWVDQGWHDFKHUV6WXGHQWVFDQVWXG\DQGILQLVKODERUDWRU\UHSRUW
RQO\ WKURXJK ZDWFKLQJ H[SHULPHQWDO YLGHRV EXW WKLV DOVR KDV FHUWDLQ GLVSDULW\ IURP RSHUDWLQJ UHDO
H[SHULPHQWDOHTXLSPHQWVWKLVUHTXLUHVWRIXUWKHULPSURYHWKHLQWHUDFWLYLW\EHWZHHQVWXGHQWVDQGWHDFKHUVDQG
VWXGHQWV¶DELOLW\RIRSHUDWLRQDQGVXEMHFWLYHMXGJPHQW
([WHQGVWXGHQWV¶DGDSWDELOLW\WRFKDQJHV7KHH[SHULPHQWVZKLFKDUHVKRZQLQWKHYLUWXDOGHPRQVWUDWLYH
H[SHULPHQW DUH DOO VXFFHVVIXO H[SHULPHQWV DQG WKHQ LW LV LPSRVVLEOH WR WDNH YDULRXV DUWLILFLDO RSHUDWLRQ
PLVWDNHVDQGHTXLSPHQWIDLOXUHVLQ7KLVOHDGVWRODFNRIH[HUFLVHRQHPHUJHQWVLWXDWLRQVDQGYDULDEOHIDFWRUV
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6WXGHQWVDUHGLIILFXOWWRKDYHDSURIRXQGXQGHUVWDQGLQJRQYDULRXVHUURUVDQGHTXLSPHQWIDLOXUHSKHQRPHQRQ
DSSHDULQJLQDUHDOH[SHULPHQW
&RQFOXVLRQDQGSURVSHFW
7KHPDLQDGYDQWDJHRIPRGHUQGLVWDQFHHGXFDWLRQLVWKDWLWFDQEXLOGDFROODERUDWLYHPXOWLPHGLDOHDUQLQJ
HQYLURQPHQW ZLWK DGYDQFHG ,QWHUQHW WHFKQRORJ\ WKLV HQYLURQPHQW LV KLJK LQWHUDFWLYLW\ IOH[LELOLW\ DQG
LQWHOOLJHQFH 7KH VRLO PHFKDQLFV YLUWXDO H[SHULPHQW WHFKQRORJ\ ZKLFK LV EDVHG RQ LQWHUQHW EUHDNV WKH
UHVWULFWLRQVRIWUDGLWLRQDOODERUDWRU\WHDFKLQJZLWKWKHKHOSRIPXOWLPHGLDWHFKQRORJ\LWFDQIOH[LEO\VKRZWKH
SURFHVVDQGUHVXOWRIDQH[SHULPHQWZKLFKLVJRRGIRUVWXGHQWVRQWKHHVWDEOLVKPHQWRINQRZOHGJHV\VWHPDQG
PDVWHU\RIEDVLFVNLOOV:KDW¶VPRUHZLWKWKHGHYHORSPHQWRILQWHUQHW WHFKQRORJ\ WKLVYLUWXDOH[SHULPHQWDO
V\VWHPZLOOEHIXUWKHULPSURYHGRQLQWHUDFWLYLW\DQGDGDSWDELOLW\WRFKDQJHV
5HIHUHQFHV
>@6KXTLQ/RX;LQ]KL6KHQJ'HVLJQDQGGHYHORSPHQWRI'LJLWDOHOHFWURQLFWHFKQRORJ\ IRXQGDWLRQEDVH
RQQHWZRUNFRXUVH>-@&KLQHVHGLVWDQFHHGXFDWLRQ,Q&KLQHVH
>@4LELDR'HQJ$GYDQWDJHVDQGFKDUDFWHULVWLFVRIPRGHUQGLVWDQFHHGXFDWLRQ>-@-RXUQDORI)XMLDQ5DGLR	
798QLYHUVLW\,Q&KLQHVH
>@;LDROLDQJ=KDR;LQIHQJ&XL$QDO\VLVRIWKHFRQFHSWǃFKDUDFWHULVWLFVDQGGHYHORSPHQWWUHQGVRIPRGHUQ
GLVWDQFHHGXFDWLRQ>-@7HFKQRHFRQRPLFPDUNHW,Q&KLQHVH
>@+RQJ:HL:HL+XL&RQVWUXFWLRQDQG3UDFWLFHRI'LVWDQFH(GXFDWLRQLQ(QJLQHHULQJ3UDFWLFH,QVWUXFWLRQDO
0RGHV>-@7HFKQRORJ\DQG(GXFDWLRQ,Q&KLQHVH

